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Abstract 
This paper mainly analyses the effects that the secondary material has on the magnetic distribution and operation 
performance of linear introduction motor. And it narrates the methods to adjust edge effectˈuses Maxwell 2D 
software to emulate the magnetic field generated by linear introduction motor and gives the emulation result. This 
paper has a certain reference value to design, development and scientific application of linear introduction motor. 
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1. Introduction 
The effects of secondary material on linear introduction motor’s function greatly consumes 
manpower, material, funds and time. Emulated analysis however has advantages such as easy access, 
low cost and fast. This purpose can be achieved by using Maxwell 2D to emulate. And the effect 
secondary material has on the motor’s performance can also be inspected in terms of electromagnetic 
field.  
The prototype in this paper is a linear introduction motor. The basic pattern of its geometric 
model indicates , that the geometric parameters correspond to the changes of emulation purposes. 
In modeling, it is hypothesized that the conductivity of the primary iron is zero. Thus, no eddy 
current will be produced, which means eddy current loss will be ignored. In the running of motor, its 
electromagnetic field varies with the changes of time and motion status. Therefore, transient model 
was chosen[1]. 
Transient modules is suitable for modeling with the situation that translational or rotating objects’ 
model, it can calculate the electromagnetic field variables in any moment of the process such as, magnetic 
flux density, intensity of magnetic induction and induced current.Secondary material and its height has 
installed according to different purpose simulation. 
2. Adjustment of end effect  
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The special edge effect of linear induction motor must be embodied in the modeling in order to ensure 
the correctness of the simulation result.If the linear induction motor’s pole number is equal to or greater 
than 6 can consider that negative sequence and zero sequence current compared with the current is small 
enough to be ignored; and the pulsating magnetic field which cause of iron core’s open and pause can be 
ignored yet.For dynamic longitudinal effect, because along the direction of geometric modeling is the 
movement direction, it can reflect the dynamic longitudinal effect influence.  
The effect of transverse edge effect can only make approximate subprime resistivity increases, which 
can adjust the size of the secondary resistivity to improve. In the quantitative calculation to subprime 
resistivity multiplied by a correction coefficient kr. It can be seen that kr’s value only relate with the 
motor size. In this paper, its value is 1.92. Therefore,  when modeling the conductivity of materials to 
supreme (resistivity of reciprocal) divided by kr[2-4]. 
Table 1: The Simulation Result of Single Secondary Materials 
(Condition: Phase Current 350A, Frequency 20Hz, Air Gap 11mm, Slip Ratio s=1) 
Secondary material Conductivity 
(S/m) 
Relative permeability / (B-H) Curve Thrust(N) Normal Force (N)* 
Iron Plate (4mm thick) 1.92e+006 (See Figure 2) 100 -3100 
Iron Plate (8mm thick) 1.92e+006 (See Figure 2) 500 -8250 
Iron Plate (2mm thick) 1.92e+006 (See Figure 2) 1000 -11850 
Note: “+” means that the force between the primary section and secondary section of the motor is repulsion, 
while “-” stands for suction. 
 
Figure 2  The vector diagram of induced current and flux density generated by the secondary iron plate (12mm thick) 
 
Figure 3  The vector diagram of the density of the electromagnetic force on the surface current of the secondary iron plate (12mm 
thick) 
3. Ferromagnetic material 
Maxwell 2D software allows users to customize the material properties (such as the permeability, 
conductivity, etc.). In the presented thesis, the ferromagnetic material used in the secondary material of 
the electrical motor utilizes a certain type of steel, and the BH curve of this material is manually input, as 
the curve shown in Figure 1: 
Direction of movement 
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Figure 1 The B-H Curve of the Iron Plate  
4. Analysis of simulation results  
A. single secondary material 
Set the secondary height to 4mm, 8mm and 12mm respectively, and select iron plate for the secondary 
materials (in fact it is a certain type of steel plate), so as to examine the influences the secondary materials 
has on the motor performance and electromagnetic field. 
Table 1 presents the simulation results of the thrust and normal force of the secondary materials, while 
Figure 3 shows the distribution of the flux line, flux density (B, vector), and secondary induced current (J, 
vector) of a 12mm thick iron secondary material at the middle of a pair of pole in the motor (X, Y stands 
for the horizontal and vertical direction of the modeling plane, Z stands for the direction which is 
perpendicular to the modeling plane).  
It could be seen from the data that under the condition in Table 1(Condition: PhaseCurrent 350A, 
Frequency 20Hz, Air Gap 11mm, Slip Ratio s=1), as for the single secondary iron plate, with the increase 
of its thickness, its thrust and normal force(absolute value) are increasing as well. If same thickness is 
added, the thrust would increase in a great deal, while the normal force would perform as the attractive 
force, and would add with the increase of the thickness of the iron plate. The normal force is about ten 
times of the thrust. The following analysis is from the perspective of electromagnetic field to explain this 
phenomenon[5-7].  
From Figure 2, it could be seen that the magnetic flux density vector locates in the XY plane of the 
model. The direction of the induction current (J) distributes in the secondary plane and is paralleled to Z. 
The magnetic flux density conducted by the iron plate is great, and the flux lines mainly concentrated 
inside the iron plate. According to Fleming’s left hand rule, it could be estimated that the magnetic force 
on the secondary surface is in the XY plane, with components at the X direction and also Y direction. 
When the motor is practically operating, the primary section will exert electromagnetic force on the 
secondary section, and will receive the reaction force from the secondary section so as to conducting the 
operation.  
Figure 2 adopts the post processor of Maxwell 2D software describes the vector diagram, which is 
about the density of the electromagnetic force on the surface current of the secondary iron plate. 
Figure 3 shows that the secondary motor (induced current layer) mainly receives the forces which are 
downwards and backwards (opposite to the primary motion). Therefore, the primary motor receives the 
reactions from upwards and forwards. According to the vector diagram, the secondary iron will produce 
extremely large amount of attractive force, which is mainly because the current layer in the surface of the 
secondary iron not just receives the repulsive force. The nature of secondary ferromagnetic materials 
makes it has the primary magnetization and forms a magnet which the N and S pole could change 
between each other, and mutually attractive with the primary section, thus produces strong attractive force. 
The value of the thrust and normal force are quite big. [8-10] This figure also shows that as the end effect 
when the iron core is on or off, which makes the electromagnetic force of the both sides of the primary 
section is far small comparing with that in the middle of the primary section. Speaking of the linear 
induction motor that the middle and low speed maglev train adopted, if single materials are used in the 
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secondary section cannot achieve the desired performance between thrust and normal force, secondary 
iron will generate great normal force which attracts direction, which certainly needs high power 
suspension system to support. Single secondary aluminum or copper have less starting thrust, so using 
single secondary materials cannot satisfy the needs of starting the train. Therefore, the composite 
secondary system must be adopted.  
The depth of the flux permeating inside the conductor is presented by penetration depth TG , TG  
could be obtained from the following formula: 
0
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In the formula (1), the parameters are: ȡ—the  
resistivity (ȍ·m) of the metal materials; f—the 
 frequency  (Hz) of the primary current. 
As for the iron material the present paper mentioned, the penetration depth of the flux is about 8mm 
(considering the possible non-saturation state, we adopt a lower value of 100). Theoretically, when the 
secondary thickness is larger than the penetration depth of the flux, the increase of the thickness of 
secondary plate cannot improve the performance of the motor. To the aluminum iron composite 
secondary materials which are practically used, the thickness of the iron material is changed for 
simulation (air gap 11mm, phrase current 350A, frequency 20Hz).  
5. Conclusions 
From the above analysis, it could be concluded that if single secondary iron materials are adopted, the 
demand to start the train and be achieved, so the composite secondary system must be adopted. 
Ferromagnetic materials have the effect of concentrating the flux, so when investigating the motors, the 
influences that the thickness of the iron plate has on the performance of the motor should be considered. 
One thing worth mentioning is that, the conclusion of the present thesis is related to the amount and 
frequency of the primary current, and the slip ratio of the motor. As a result, it is totally possible to adopt 
the simulation methodology of this paper to examine the performance of the motor under various 
conditions. 
Adopting the Maxwell 2D software to simulating linear induction motor could help us to investigate 
from a macro perspective to see the thrust, normal force, velocity, the amount and frequency of the 
current, etc. It could be also seen from a micro point of view to examine the condition of the 
electromagnetic field, so as to achieve a further understanding of the motor performance and operating 
condition. Combining with the function of Maxwell 2D software’s post processor, we could also calculate 
all kinds of physical quantity of electromagnetic field (also calculus, etc.). This function has some 
practical value to the design, development, and scientific research applications of the linear induction 
motor.  
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